CE41S.3 - Design in Reinforced Concrete 

MIDTERM EXAMINATION 

October 3 L 2001 

Time Allowed: 2 Hours Professor B. Spading 

N rites: * C loscd book exami nut ton 

* CPCA Concrete Design Hand book may be used 
- Caleulators may be used 

* The value of each question is provided along the left margin 

■ Supplemental material is provided at the end of the exam (i.e formulas) 

» Show all your work* including all formulas and calculations 

MARKS 

20 QUESTION 1: The reinforced concrete beam shown bcluw is constructed using concrete 

with /; = 30 MPa and Grade 400 reinforcing steel. Calculate the ultimate positive bending 

moment resistance A/. of the beam in accordance with 61 k requirements of CSA A23 3-94 

fi.fi. using Whitney stress block. etc.). 





■L 


No. 10 
Stirrup 


4 No. 33 bars 




QUESTION1.1: The reinforced concrete box girder (beam with a central rectangular void or 
hole) shown below is constructed using concrete with f' - 25 MPa and Grade 400 

reinforcing steel 


11' the tension reinforcing steel consists of 

7 No. 30 bars, calculate the ultimate positive 
bending moment resistance M, of Ihe box girder 

in accordance with the requirements of CSA 
A23.3’94 Assume that both the compression 
and tension reinforcing steel yields (no prool is 
required) and compensate for she effect of the 
holes in the concrete created b> the compression 
steel. Hint: The compression, block in the 
concrete extends below the depth of the top 
tlange (a > 120 nun ). 



I 


T 

5C> 


30 


H 


if b) ii; instead of 7 No. 30 bars as assumed in Part the tendon reinforcing steel A M was 

selected so that the depth of the compression block in the concrete was exactly equal to tlic 
depth of the top flange la - 120 mm), would (he compression reinforcing steel yield? Start 

from the basic principle of strain compatibility and include a sketch of the strain distribution 
over ihe height of tlic secti on 
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QUESTION. 3 : The interior remtmced aMcnste floor system stwurn below consists of a 
one-way slab that is simply supported by floor beams which are poured separately (i e non- 
integral construction). The two-span conti mi oils beams arc si imply supported ort three 
masonry walls The slab supports a spec died dead Load of q r - 3.6 kPa and a Jive load ol' 

q , =■ 4 .£ kPa, in addition to its own w ei ght. Material properties are given by /' - 30 MPa 

and j\ — 400 MPa Hint; Design aids provided in [fit CPCA Concrete Design Handbook 

can be used lit assist in answering the questions below. 



1-VVj', Slab 


•s 



Flow Slab 


- Floor 
Tie am 



Section 3-. i 


Masonry block wall below beam 
(5 Places \ 


12 a} 


IS b) 


Design the rcinlbrcing steel tor the critical positive mom;nIs in the lli»or siab, satistying the 
requirements ol CSA A23 3-94. Use [lie centre-EO-ccntri? distance between floor beams as the 
simple span length of the slab aod assume a clear concrete cover of 20 mm on the main bars 

IX-sign the reinforcing steel lor the critical negative moment m the floor beam at [he interior 
support according In the requirements of'CSA A23 3-94 Assume a dear cover of 30 mm and 
that Me. 10 stirrups are used. 


Ql F. ST I ON 4 : The T-beurn show n in Part (i) til' the Jig ure below is Eahncaied using 
Grade 500 reinforcing steel and a new type of tmim concrete that exhibits the stress-strain 
characteristics shown in Part (ii) of [he figure below. Answer the following questions 
concerning the nominal response ii e. idea! response with no resistance factors Applied) of the 
beam, assuming ideal dasEo-plasEic behaviour in the reinforcing steel and negligible tensile 
strength in the concrete. The section is subjected to a positive bending moment. 


490 

► 



/ 4 



(i) Beam cross-section (ii) Stress-strain curve.. Foam concrete 
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CEC41BJ 


Midterm Exarninaliftn - 200] 


Part 3 ftf 3 

V 1 


QUESTION 4 : (continued) 

12 iO Determine the theoretical area of rdnliifcina steel. A . that would cause the neutral axis to 

coincide with the bottom edge of the 400 mm wide top ilange f225 min below the top of the 
beam) just as the reinforcing sited reaches its yielding strain (t ( = 6 ). 1>> not select the 

at lual bar si zc or number of bars requi red. 

S I*} Jlased on the theoretic*! area of reinforcing steel (A/) found in Part a> calculate die 
corresponding num i sisal rrt i tment epci ty of the beam 


Suprdmumtiil Materia]: 

* Material Properties: (jp — 0-6 


f = 

J Uf 


1 


a+Pf 


4 


. J c 




r \ 

e i; 





i?* 

c ‘. J 


tj* , 


=0.85 
2 


a,, = 1.25 


->p 

r *-* j 

=- ^ 

r 


1 l7 


7 d L 


ce jl = Et> 


0-55 ffi 


E, = (3300 4H- + <5900)(y, /2300y 5 


E\ - 200,000 MPa 


F. _ = 0.0035 


i.n 


/, = 0-6 * JT: 

* Flexural Analysis 


y, = 2400 kg m 


S F_ = 0 


EAf =0 -+ A/ = T (> d) = C t \j J) 


r = 

L 1 - r L 

lb 

3 



•m 

vC = f v f dl 


j •■ - ■- 

u 


C = (4. a,/;)(Arcft} J' = 4 r 4, .4 


«J - U.S5 - 0.0015 i 0.457 


jtf “ 


4, 4 f, 

+,«, /> 


S - *c* 


p, =0 07 -0.0025/; >0.67 
■ J-A 

c j 


w = P, e 


700 


J 700 + 4 


1-^ 
c 


M r X*1 “ 


4. «] r gj A 7 

4, X 


7 1 


■oo+ / r . 


4 = < 


7; 4^, /; 

,/x 4 , 4 J 


4* = 4“^ 


*4, =4,-4 4, (d-=4l 


A/ rj: o r rt T t 4 1 



3 

1 

*> 

1 

CL 

•> 

' J* 

*. 


V w 

1 f- y 


» Flexural Design 


V*. 


A 


p = 


.f 


f 7 


A'. 

b r 


Pw - 


4.-*. 4P, 

4 r /, 


700 


700 4 4 


*>4,P/, 


^ _ 4,p4 ' 

, 2f. 0,/s'J 


W r i.W; 


Wr = 4,P/u 


i- 




4. p4 






P 


4,: tt | /' * 



)■ - 2 A-,. *, /■' 


* One-Wav floor Systems: 


A_ = 0.002 .4 




i /, 

If. a. gib, h) 

4,/, 


Dejiy?) P* fVi.vy /■ > r'fJ O ■■ncreic 

















































CE 410 


Midterm Exam - Solutions 


Ooto ber 3.1, 2C01 


E 


' 'i :ic Parameleix 


«n -= 1.25 


E* = 2000 00 MPa $ s 0.85 


a L 


1.5 


$ L , := 0.60 
7c ~ 

3 

m 


e cu 0.0035 


Outfit ion 1: 


400 




425 


i 


r 


0 C lear 


Given: 


f c := 30 MPa f y ■■= 400 MPa 


h := 42>f»f» b := 400 - mm 


dfr := 35- mm /I fojr := 1000- m m “ := 4 

ce := 30 -jhtb A s := rt^jor' 


Whilnq stress block parameters: 


c 


/ := 0.85- 0.0015- 


f. 


a 7 = 0.805 


;t ; i= o.97 - 0 m 


A 


MPa 


fij * 0.895 


- Effective beam depth: 


d ft - I CC + 10 ' 


m m + 


■ ,J b) 

2) 


d = 367. >miK 


- Check if under or over-reinforced' 


-d .yjS ■ 


h- a rJ\:-®r h d { 700- MPa 


Vf J\ 


V 


\ K 700- MPa +■ ,/v] 


A s k~ 3568.08501 mm 


s 


A sb 


= 3 12305 


<— Therefore, section is over-reintbroed and steel will not vield 


- Strain and stress in rein Ibrcing steel: 


E S — E cu 


d - c 


0 




C 


) 


= ,. c *e0 i 


J J J “bv "5 -S’ "ctf 


L l c: J] 


Depth of compression stress block: IP X - 0 

C c = (*V a rfv) 0 >b ) = (V <*rfcy(Pi-V'b) 


T ~ P.v^.v.4- E s 


€ 


Cti 


l c ;jj 




E V «i /c)" (Pr c - b ) - A *■ £ s' [| ^7“ 
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CE41S.3 


Midierm Exam - Solu 1 ons 


October 31. 2C01 


r 

UV "rfc Prb) c" 4 ( ijj s - A s -Ef € clI )-c - A# Ejr e cl f d = 0 


\vh ctc : 


( V * 1 ■ fc ISj-fr) = 0.00519 m 


2 -UPfi 


JW m 


6 


($& A s -E? e cu ) = 2.38 x 1 0 N 


9.*' /lj- £ cu - d = S. 7465 k ] 0* .V- mm 


■ Solving 


1 


V := 


{2-* c -*rf c -S>i-i’) 


f 

I 


■' ^ .V' &.$' - ■ 


f 2 Z , 2 2 \ 

_ +■ i. ^ ,r ■ £./’ E e* r + 4l ■ /c $ j ■ *• $$• a s - E$- t-rt dj 


f'H 

UJ 


t-= 240.95481 jwrt? 


a := p r c 


= 215.65455 


a 


mm 


- Check equilibrium 


i: s e cif 


I Eli) 

1 e j 


0.00184 


/v 




V 






= 0 91907 


/j : = E. s 


fs= 367.627591^1 


F : = -4y/ v 


7 1 = 1249.93 3 79.tv 


( \.- '■= (*c' a rft)' (<*&) 


C c = 1249.933 7 9/!:,V 


- OK 


- Ultimate moment resistance; 


Mr f= (d - 

2) 


M r = 324.57371 kN-m 


b 
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CE 418.3 


Midterm Exam - Solutions 


October 31. 2QQ1 





Question 2; 


(M 


SC 



5 No. 20 burs 


- ■& - —- 





_ 


- 

.... 



50 


Given: := 25-A^a _/,.:= 400-.W/V; 


600 


A '■= 20- 


m?n 


2 




/I r 5 = 1 $00 him 


A 'h ar -= 3 00' mm 


^ y — n har‘ A bar 


2 


bp- := 600' nvw ftp- a- I 20 'fWfW cc := > 0 mm 


K- ■= 


m m 


h ■= 


m m 


Solution: 


d := h- c c 


d = 0.55 ni 


dt := 


cc 


d' = 50 


mm 


if* 


- Wh Ltn ey si ress block parameters: 


a; := O.R> - 0.001 5' 




a 


/ « 0.8125 ft :=- 0.97 - 0.0025- 


A 


MPa 


Pj = 0.9075 


Part fa) ,4 := 30. mm A 


bar 


700- mm' 


..-■l s t- -'J 


/L = 4900 PH ph 



a 


- Portion of A balancing compression in flange. 

V 

A 2 ~ (' ff /' A)' [pF" {^F ^ ' ; -A)j 

t-c2 = 438.75 /:A t /y L ^ si ~ c2 


c 


A/ :- 


c-2 


( A A ■) 


1 lVJ i = 1290.4411 8 mm ’ 


- Portion of A T btd tmeing compression steel: 


r ■= „ 
■ "$ ' 


A A V - V“/-A--*' a 


C s - 491 71875fcV 


Qsfv' ^sl ~ A 


Aj : = 


A 


fap/v) 


jf2 


1446.23152 nun 
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E41B.3 


Midterm Exam - Solutions 


October 31,2001 


- Remaining tension steel are a to balance compression in both webs' 


A S J A y - A s i - A S 2 


A s 3 = 21G3J2721 mm 


(V 0 /' fcY (2 V«) - />-■ i4j.? 


1 , A s3 

a: ~ -Z'tg-fy ~ 


(S' 11 1' -fo' ^u) 


- Mooien l capacity 

f ? l F" 
M r J *#fyA s j- \d- — 

\ “ * 


o *> 201.17094 mm > 120 mm - OK 


c 


a 




c = 221.6 71>97 m m 


M r / - 214.9875 fcV- m Flange 


Aj Vi **fv A s2'{<* ~ <T) 


M r 2 = 245.85937 JfcW- 


fJ2 


- Compression! steel 


/ 


- W rJ : ' 




M ri t 3 30.SSS43 JtV- m 2 Webs 


A/p.— M r j + A/p? + A/ 


A/ f . = 791.40531 JtV-rt* 


Part bO a:- 120- mm £; = 0.9075 

c:= — c= 132.2314 mm 

JS/ 


4 - Sir - ^ = 0.00218 

l c } 


£ y = 0.002 — =l.0882B 

S' 


There lore. /I'.. does yield. 


/, := E s - A A = 435.3125 JWPo 
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CE 416.3 


Midterm Exam - Solutions 


October 31. 2001 


Question 3: 


3500 



s 




Plan view 
(Not to Stale) 


/— Floor 

Beam 


Floor Slab 


\ 


—T 



/ 


A 

* 



Floor Beam 


r 


Seenon A-A 


Masonry block wal 1 below beam 
f3 Places) 


Given: 


- Materials: f c -= SO-MPa 0.0035 


Cti 


fy 400* MPa E s := 2O0Q0O- MPa 


c - 


0.6 


S 


:= 0.85 


fy 


€ y S 


K 


fy - 0.002 


$ 


Dimensions: 


f n!i -.= 3.5-m 


hib 


m 


hf } :* 3 >0- m m 


hfj := 4>0' mm 


- Loads: 


h s i= ISO' mm 


qj_) r- 3.6 'kPa *{].-= 4.8 -kPa 


f>-[j := 12 5 


a L -= L5 


y r i= 2400. 


kg 


m 


* 


Basic Parameter 


<xj 


f f 

.85 - 0.001 5- —^— if 0.85 - 0.0015 —- > 0.67 


MPa 


0.67 otherwise 


MPa 


a l 


0.805 


?) := 


0.97 - 0.0025. 


/ 


c 


MPa 


0.67 otherwise 


if 0.97 - 0.0025 


f, 

MPa 


> 0.67 


J3 2 = 0.895 
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CE 418.3 


Midterm Exam - Solutions 


October 31. 2CD1 


- Balanced Reinforcement Ratio- 


Pb := 


*c'*rf<fPi f 700 A 


fv 


im 


fy 


\ 



Ph = 0,02427 


Solution: 

I I j) SJ :|K Jcsi U.J ': 


- Effect!vc depth. J. Assume No 15 bars 


:/,fj := 15- mm 


- Clear cover - Interior (non-corrosive) exposure: 


t c := 20- mm 


a := flijj - c c - 


d h 


d J >2 5 


mm 


- Unit design strip: : = ][)QO mm 


- SI ab sel f webiht: 


Area loads 


Factored loading; 

Xi 'Df := +■ Xi 'D) 


w 7L)yu' := 


^Dsw ~ 4.23&4; ■ 

'■= Wr 

,tv 
wjQt = 5.6— 

(per ni slab width) 


rr? 


M X - A? 

tv 

«’L= 4.S — 

m 

(per m si ab w idth ) 


kX 


m 


^ tv 
wjjf = 9J9>^9 — 


m 


v Lf- : a L H 'L 


11/ := W D J + n// 


«'!/■ 7,2 


fcV 


m 


u/ Id ‘■A'ooO 

l 1 * 


tv 


m 


* 


- Positive design moment (at midspan). 


7-.v 1 0?i‘+ 




,-W 




M/> /. 

s 


:W„„ e = 31.48964 tV-m 


■ Using Normalised Moments and reinforcement ratios ( Table 2 |); 


, f, **Pfv ' 

*r “ ^■P'/v I - -—- 
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CE 413.3 


Midterm Exam - Solutions 


October 31, 2001 


\ 




mi 

l -} 

[ 2- A> $ c - Of /'■ f c ) J 


"> 
■ ■ 


2 


(4'‘ *j) 


,V/ r := A/ 




AV := 


V/, 


ij d 


Ttherefore. p ( K r ) = 0.00419 


A r - 1.3 5403. JUP* 


.4j. r . L ^ := p(A,.)- tf ,4 j 63 8.7 0(53 mm 


Check minimum steel area: 
(temp and sltrinkage) 


A 


!hlH 


0-002, (V *,) 


-4 mm = 360 mm 


■“ reu re® - ^ 


y req - 


. J.. = 638.7063 mm 


A 


mi.>: 


othtrwisv 


i rv using No. If) bars. 


/I j j y r := 1 ft]- fnw“ := 10- mm 


- Number of bars: 


S' 


"6 W 


.« fair 


= 6.38706 bars per m w 


- Required bar spacing; 


7~i:U '' 


s 


r*h 


Check maximum spacing: 

s j»fK := - v *J ,3 " 4y ~ 500- rtrw 

50ft mm oihe rwise 


s b req = 156.56648 mm 


W x 500 mm 


here fore: 


s = 


s b rerr J / -'A yv£j> - 


.t = 156 56648 mm 


o/fteTH'iw 


Choose: 


* := i 50- 




mm 


n b := 


n b = 6.6666 7 bars per m 


Njf iar 


A s = 666.66667 mm 


Pud :t 


A*_ 

b?d 


W = 0- 


7 




0,180! 


<- Steel yields - OK 


Sa> use Mo, 10 % IS! in in o,c* for positive slab rdnOrennenl 
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CE41B 3 


M i dterm Ex am - So’u ti o ns 


October 31, 2001 


Part ib); Desl an o f Floor Ream 

- Beam sdf weight: u 7Ml . := {b b h h y fo.g) 

- fading on floor beam from slab. Slab reaction force 


W/W - 3.70691 


fcV 


m 


Rji/ab* ~ w f L s Rsfob = 32.72jtV perm width 


. 'hfiffilbrc the uniformly distributed line load on the interior floor beam (md. sell" weight.; is 

^ dob jtv 

w Jb := —— + <*D L ™'Djh = 37J5—- 

As m 


-Effective depth Assume No. 30 bars and include a No 10 stirrup 
- Clear cover: cc := 30' mm 


d b :«a 3 O' m m 


d := hfr tv- ] 0- mm 0.5- d b d = 395 mm 

- Negative support moments: - Design moments CL.. 9.3 3 

- End spans - Discontinuous end unrestrained; 


11 fh' ‘ nb 


’teg ■ 


0 


i W = -149.40062 kN- m 


.1/,-:- -3/ 


neg 


M 


Ar := 


h-<r 


K r *i 2.73584 3/Av 


Therefore: p (K r ) = 0.009 


1 r) No. No. 2 5 bars, 
^ s' := [ujf 


— 124 .'04/8??7?f7 


isfy IS- mm 


fify := a 


A 


x bar '— 


m m 


A s = 


mm 


> A 3L , - OK 

■* J H 


1 $ ar spacing. 


tigg := _'.J- fflffl 


Aggregate size 


■*/<- l.-htf* 

+- ] A- agg 

$ = 3 b mjw 

sj ^ i 7 ?/ s; £ 
sj e- j? 2 o^e?ru7je 
s'j *- s j : '3' - 30- .'Wfl 

c- 30' mm olhenvise 

s -t 
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E 413.3 


Midterm Exam - Solutions 


October 31. 2001 


Check beam web width 


:= + 10- f um) + ript 4 + (>!£, - 1)-j 


Check vie 



A f = I ^00 mm 


2 


t> m j„ - 0 225 m < b w - 350 mm - OK 




A s 


■a 


Check m i n i m um reird'orccmeitt. 


fc 


A srmn ts 0-2* A fP&- 


MPa 


fv 


H h b 


Pact = 0.0\0%5 


Pact 

Pb 


0 447 


A smin = 431.33151 m m 


-OK 


Therefore, use 3 No. 25 bars for negative reinforcement in interior floor beam 


Question 4: 


400 



200 

(i) Beam cross-sec dun 



(ii) Stress-strain curve. Foam concrete 


Given: 


h F -.= 400- mm h F :m 225 mm f y ,= 50frMPa E s i- 200000 -MPa 


d := 550- 


nnn 


£cm- 0.OD15 




y 


jjf * = 

i-y . 


E* 


Ey = 0.0025 


Jcm 2 - 0 - 1 


F ■, 


fc 


L-JJT 


£ cm 


E c = 13333 33333 


Page 9 


B. Sparling 











































CE 418.3 


M i dterm Ex a m - Solutio ns 


October 31, 2001 


fl) Steel area for nail ral axis at bottom of flange when steel y ields 

20 MPa 



- Maximum strain at top fibre 

r v 'i 

mar ■“ i y I . , I 

■ { J ~ h F) 
«c_«* ‘ °' W173 

- Height at start of "yield stress" 
j n foam concrete 


■fcpw 

A'Y’m &P 

e C m<vc 

ycm= 195 ™™ 


- Compressive force in "yielded" portion of flange (above y ) 

*■■■ c / fcm' &F‘ (J 7 F ~ >'cih) C c 1 = 240 kl\ 

- Compression force cn linearly varying concrete stress region (flange below y ( ) 


- Strain. 



£ c oW 



Concrete stress: 






fc hn&ybpdy 


C c2 = 7S0ibV 




C cl + ( 'c2 



1020 tV 


( '-''Icm)' {bp¥crti) ~ ■' Hi ? k.\ 

(I inear stress distribution: 
Average stress \ area) 


■ Required steel area to balance this compression, knowing that the steel yields (given) 


&x= 0 


t - a 






2040 f n m~ 


b) Nominal moment capacity 

■ Compression in "yielded" portion of flange: 


- Moment arm 

1 

i M 

r 

Jt 

1 

Ts 

Jl 

jd] = :>3S mm 

- Moment 

MCi --= C c ? jd] 

Mci = 128.4 tV-m 
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CE 416.3 


Midterm Exam - Solutions 


October 31 2001 


- Compression in linearly varying stress region 

- ?'cnt 

yfc /i'pjC yybpdy 

J o 

yhi/i- := --“- Vhar ■ 130bhw 

( -c2 



- Moment arm 

jd 2 := d - kp + y^flr 

id2 - 455 mm 

- Moment 

A/ r2 := f T c? 74 1 

f C2 = 354,9 kN-m 


- rota! nominal moment oapacih : 

/ 

\f n ~ Me I* u <"2 A4 = 4B3JJtV-m 


2 

— Vein = 130 mm 


f 
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